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NATIONAIL, ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1296

WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF SURFACE-COVERING
DISTORTION ON THE CHARACTERISTICS OF A FLAP HAVING
UNDISTORTED CONTOUR MAINTAINED FOR VARIOUS
DISTANCES AHEAD OF THE TRAILING EDGE'

By Thomas A. Toll, M. J. Queijo, end Jack D. Brewer -
SUMMARY

Tests were made of a modified NACA 65,-012 airfoil having a

30-percent airfoll-chord flap with contours simulating various
distorted surface-covering shapes for the purpose of investigating
the practicability of reducing distortion effects to a negligible
amount by maintaining the undistorted cantour over a small part of
the flap chord near the trailing edge.. The effects of varietions
in Mach number from 0.20 %o 0.40, of transition location, and of
flap gap also were investigated. )

The results of the 1nﬁest1gat;on indicated that the effects
of distortion on lift characteristlics.are small compared with the
effects of distortion on hinge-moment. characteristics and that
approximately 75 percent of the effects of distortion on stick
forces can be eliminsted if distortion of the rear 20 percent of.
the flap chord 1is prevented by stiffening that part of the flap.
When .the flap had been thickened by distorticn, opening a gap at
the flap nose or placing transition strips near the airfoil leading
edge genarally caused the variations of hinge-moment coefficient
with angle of attack and with flap deflectlon to become lese nega-<
tive. Variations in Mach number from 0.20 to 0.40 had only small
effects on, the hinge-moment characteristics of the undistorted flap

or of the distorted flaps having the undistorted contour maintainedf

over the rear 20 percent of the flap chord.

"'INTRODUGEION'"

Flight results published in a British papsr of limlted distri-
bution and some wind-tunnel testes made in the Langley stability
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tunnel have indicated that large changes in control-surface char-
acteristics (particularly the hinge moments) may result from dis-
tortion of the comtrol-surface contour while under eerodynemic lcad.
The analysis presented in reference 1 shows thet, in general, dis-
tortion amounts elther to a change in camber of ths control swrface
(cember distortion} or to a change in the thickness of the control
surface (symmetrical distortion). Camber distortion affects the
control-surface characteristics in & mammer that is similar to the
effect of deflecting a tab; whereass symmetricel distortion amounts
espentially to a change In trailing-edge angle. Distortlion of the
camber type was shown in reference 1 to have much larger effects
than distortlion of the symmetrical type.

The type of distortion obtained on & specific control surface
depends primerily on the location of vents or leakags holes. Camber
distortion 1s most likely to occur when the internal pressure 1s
approximately equal to the static prossure of the free air sbream,
and symmetrical distortion is most likely to occur when the internal
preasure is highly poslitive or highly negative relative to the
statlic pressure of the free air stream.

- From serodynamic considerationa, the most satisfactory method
of eliminating distortion effects is to provide the entire control
surface with a rigid covering meterial. Such a control surface ia
likely to be quite heavy, however. The fact thet control-surface
hings-moment characteristlics are known to depend largely on the
contour near the trailing edge has led to the suggestion made in
& British paper of limited distribution that -the greater part of
the effects of distortion might be eliminated, with a moderate
increase in weight, by providing a rigid covering material over
only a small chordwise part of the control surface Jjust forward of
the tralling edge. Tests made by A. S. Halliday of Great Britain
indicated that when distortion of the.rear 25 percent of the control-
surface chord 1s prevented, ths variation of hings-moment coeffi-.
cient with angle of attack and with flap doflection is essentlally
independent of distortion of any other parts of-tho control surface;

The present tests, made in two-dimensional flow, wers con-
ducted for the purposs of investigating more thoroughly the practi-
cabllity of reducing digtortion effects to a negligible amount by
maintaining the undistorted contour over a small part of the flap
chord near the tralling edge. Tests were made of geveral types of
distortion in addition to those made by Halliday and for each %type
characteristics were determined with 10 percent, 20 percent, and
30 percent of the flap chord held to ths undistorted contour. The
effects of veriations in Mach number from 0.20 to 0.40, of transi-
tion location, and of flap gap algo were investigated.
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SYMBOLS

airfoil section lift coefficient -
flap section hinge-moment coefficient

resultant balance-pressure coefficlent (Plower - Pupper)

pressure coefficient above or below flap seal

finite-span 1ift coefflicient

finite-span hinge-moment coefficlent

geal-moment ratio for internally balenced flap (ratio of
.balancing moment of flexible seal to balancing moment
of thin-plate overhang)

boundary=-layer displacement thickness, feet

dynamic pressure of free streasm, pounds per square foob

dynamic pressure at tall of airplane, pounds psr square
foot

airfoll section chord, feet

Pixed trailing-edge chord (chordwise distance from trailing
edge over which undistorted contour is meintained), feet

flap sectlion chord, feet

balance-plate section chord (distance from flap hinge
line to leading edge of the balance plate), feet

balance section chord (distance from flap hinge line to
point midway between points of attachment of
flexible seal of sealed internal balance), feet
mean aerodynamic chord of.wing, feet

root-mean-square elevator chord, feet

elevetor span, feot
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alrfoil section thickness at flap hinge line, feeb

tall length (d1stance from center of gravity of airplene
to aerodynamic center of horizontal tail), feet

wing area, square feet
horizontal-tall area, square feet
wing aspect ratio

horizontal-tall aspect ratlo

chordwise distance from airfoll lsading edge to any point
on airfoll surface, feet

chordwise distance from center of gravity of airplane to
neutral point, feet

weight of asirplane, pounds

airfoll section angle of attack, degrees

angle of attack of finlte-span surface, degrees

flap deflection, degrees
elevator deflection, degrees

stabllizer angle, degress

downwash angle in vicinity of horizontal tall, degrees
Reynolds number
Mach number

ratio of control force in pounds to glevator hinge moment
in foot pounds

incremental stick force resulting from elevator distor-
tion, pounds
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The subascripts outside the parenthesls of the foregolng partlal
derivatives indicate factors held constent during measurement of
the derivatives.

Ocy , ACy, o v . incremental values of parameters resulting
@ from any given amount of distortion; for
exampls,
AC'L = C -

1 1
o ®31storted Cundistorted

by ', Doyt .. incremental distortion parameters (the incre-
@ ments of slopes or of coefficients resulting
from a distortion of cne percent of the
flap chord); for exemple,

Cz -~ Cz
Ao %31storted %Yndistorted
la, distortion in percent flap chord

where distortion is_defined as the meximum
deviation of a surface of a flap from the
undistorted contour L

AFPARATUS AND TESTS

1 The tests of the present investigation were conducted in the
EE-foot by 6-foot test section of the Langley stability tunnel.

The model had & chord of 2 fest and spanned the thrcat of the tunnsl.
The part of the model forward of the TO-percent-chord statlon was
constructed of laminated mshogany and had the ordinates of the

NACA 651-012 airfoil ssection. The ailrfoil was equipped with a

30-percent-chord plain flap with a cylindrical siteel nose and s
steel central web. Flap contours, simulating various distorted
surface-covering shapes, wers obtained by attaching wood blocks to
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the upper and lower surfaces of the steel web. (See fig. 1.) The
assumed undistorted contour had flet sides extending from the ’
trailing edge to the contour of the NACA 65;-012 airfoil at the
T0-percent-chord station. The trailing-edge angle was 14°. The
ordinetes of the modiflied airfoll are given in table I.

For convenience in presenting the resulte of this investiga-
tion, letter designetlons have been assigned to the various basic
types of conbour distortion. In the designations, F stands for
flet, C for concave, and B for bulge. ZEach flap-contour desig-
nation consists of two letters; the first letter refers to the
upper surface of the flap and ths second letter refers +to.the .
lower surface of the flap. The various designations and the corre-
sponding descriptions of the flap contours tested are presented in
the following tablse: .

Designation Description of flap contours
FF Both surfaces flat (no distortion)
cC Both upper and lower surfaces concave
BB Both upper and lower surfaces bulged
BC Upper surface bulged and lower surface concave
BF Upper surface bulged and lower swrface flat
FC Upper surface flat and lower surface concave

For each of the basic flap contours given in the foregoing tablse,
the undistorted flap conbour was malntained over parts of the flap
chord asxtending 10 percent, 20 percent, and 30 percent of the flap
chord from the trailing edge. The various contours investigated
are illustrated in figure 1.

Both the concave end the bulged contours were constructed as -
shown in figure 2. In every case, the amount of distortion - that
is, +the maximum deviation of the distorted contour from the undis-
torted contour - was 2.33 percent of the flap chord. The distorted
parts of the flap surfaces consisted of a stralght section (parallel
to the undistorted surface) Joined to the undistorted surface by
circular arcs. As the undistorted trailing-edge part was increased
in length, the straight section of the distorted pert was decreased
in length; thus the maximum deviation of the distorted contour from
the undistorted contour was maintained constant.

The part of the model forward of the flap hinge line was
attached rigidly to end disks that were mounted flush with the
tunnel walle. Clearance gaps of approximately 1/16 inch were left
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between the ends of the flap and the disks. The tests included
determinations of airfoll section lift coefficients, flap section
hinge-mcment coefficients, and resultant balance-pressure coeffi-
cients. The 1ift of the model was measured with an integrating
manometsr, hinge moments were measured wilth a calibrated spring

balance, and the pressure difference (resultant balance pressure)
across the flexible nose. seal was measured with & single U-shaped
manonster tube.

Most of the tests were made with transition strips attached
to the modsl. The strips were prepared by cementling carborundum
graine (No. 60) to the back of "Scotch" celluloso tape in a strip

l—inch wide. The taps was attached to’ the upper ané. lower surfaces

of. the model so that ths leading edges of the carborundum strips
were. at 2.0 percent of the chord.

The greater part of the tests were mmde at a Mach nunber
of 0.34, although a few tests were made at Mach numbers of 0.20
and 0.40. The dynamic pressures and the test Reynolds numbers
corresponding to these Mach numbers are given in-the following
table:

Mach number, Dynamic prassure, q Reynolds number,
M : (1bs/sq £t) - : R .
0.20 . 59.4 . 2,845,000 - ¥
.3k 155.5 u 590,000
Ao - 211, - .5, 380 000

In order to specify the. conditions of the present teste some- _
wvhat more completely then can be dons ‘8imply by giving values of
the Mach number, the dynemic pressure, end the Reynolds number, a
fow moasurements of the boundary layer on the upper surface of the
model with the.undistorted flap contour werc made. Figure 3 shows
the variation with angle of attack a, of the boundary-layar dis-

placemsnt thickness et 65 percent of the chord, given as a fraction

of the cherd &%/c . with and without transition strips, and of the

transition leocation as a fraction of the chord x/c without transi-

tion strips. o . : ’ : -
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CORRECTTIONS

Correctlons applied to the test data for the effects of the
Jet boundaries are based on equations presented in reference 2.
The methods of reference 2 were extendsd in ordsr that corrections
to the flap hinge-moment coefficient and to the resultant balance-
pressure coefficient might be obtalned. The squations used in
corrscting the test data are as follows: . .

Cq, = k-0
1 1 lu
dfo = G, + keczaf—co
Cp. = Che + K C
hf f‘u 3 1
PR = BRu + khcl

where the subscript u rsfers to the uncorrected value of the
coefficient or angle, and the constants ky, Xk, k3, and Ik

depend on the test Mach number and have the following values for
the conditicns of the present tests:

M X, L 1:3 | Xy,
0.20 0.966 0.221 0.0086 -0.0L00
34 +963 .231 L0094 -.0kh5
L .961 . .238 .0099 -.0480

The corrections applied do not account for the effects of the
boundary laysrs along the tumnel walls or for the effects of the
spmall gaps betwsen the ends of the flap and the end disks. The
correction to tho angle of ettack does not account for the effect
of the 11ft resulting from flap deflection. .An estimste of the
8ffect of the 1ift resulting from flap deflecticn indicated that,
had this 1iff besen accounted for, the values of the paramcter cza

would be about 1.5 percent smaller than the values of thik paremeter
that are indicated by the data presented, and that the parsmeters cha

and BRa would bs changsd a negligible amount.
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RESULTS AND DISCUSSION

Presentation of Data

Complete sets of data, including flep section hinge-mcment
coefficients, resultant balance-pressure coefficlents, and airfoil
section 1ift coefflcients, were obtalned for each of the flep
contours shown in figure 1 for a Mach number of -0.34, with transi-
tion strips at 0.02¢c and the flap nose gap sealed, These deta are
presented in figures 4 to 9 as plots agesinet flap deflection for
various fixed angles of asttack. Comparisons of the effects of
fixed truiling-edge chord on varlous coefficients plotted egainst O

with o = 0° end plotted against a, with B, = 0° are given

in figures 10 to 19. Some additional tests were made to destermine
the effects on hinge-moment characteristice of Mach number (figs. 20
and 213, of transition strips (figs. 22 and 23), and of gap (fizs. 2k
and 25).

The measured parameter values at Ay = 0° and Sf = O°,

including slopes of the curves and incremental values of the coef-
ficlents resulting from surfece-covering distortion, are given in
table II. The data presented for resultant balance-pressure coef-
ficlents when used in conjunction with the hinge-moment data of
plain flaps are useful in estimating the characteristics of sealed
internally-balanced flaps.

An equation for celculating the hinge-moment covefficients of
an internally-balanced flap is as follows (see referencoe 3):

Cbp t/2
c = + = 1+ 1
Ppelanced - plain 2 R ( ) (1)

flap flap

whers o is the seal-moment ratlo. Charts giving valuves of my

for various balance-seal cbnfigurations are given in reference 3.

For many configurations the term j) (l.+ m ) may be replaced
Ce

(: :) Equation (l) then. reduces to the form

-
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/2
®hpalanced = “Bplain © 3 ( ) ( ) (2)
flap flap

If it is assumsd that the asrodynamic effects of distortion
vary linearly with the smount of distortion, at least for amounts
of distortlon as large as that tesbed (O-O233cf), the reqplts of

this investigation can be made resdily appliceble to any smount of
distortion up to 0.0233cf.- On the basis of this assumpiion, values

of incremental distortion parameters, defined as the incremental
parameter values resulting from a maximum surface-covering distor-
tion equal to one percent of the flap chord, were calculated fram
the test ddta. Becauss the tests includsd only fixed trailing-
edge chords of O.lcp or more, estimates were made of .the values of

incremental distortion paremeters for flaps with the distortion
extending to the flap trailing edge. These values were estimated
from unpublished corrslations of data on the aerodynamic character-
isvics of control surfaces having various treiling-edge angles.
Values of incremental distcrtion perametors obtained from the
reésilts Of the present tests and by estimation esre presented in
table. IIT.. Thess valuszs are sbrictly applicable only to the airfoil
tested and cannot be assumed to apply exactly to any arbitrary air-

=foil Bection.

Effects of Fixed Trailing-Edge Chord

Hinge-moment charectoristice.~ The hinge-moment curves pre-
sented in figures 10 and 11 indicate that the primary effect of
symrmetrical distortion (contours CC and BB) is to rotate the hinge~
momont curves, and thereby change the slope. For distortion that
consists principally of a changs in camber of the mean line
(contours BF and BC) the primary effect on the hinge-moment curves
is a displacement of the curves along the hinge-mament cocfficient
axis with only small chenges in the slopes.

The sffects of fixed trailing-edze chord on the hinge-moment
slopes Chg and Cha are shown in figure 12: For symmstrical

distortion, -with the control surfaces condave, the hinge-moment i
peramcters become less negative as the fixed trailing-edge chord is
increased; and with the control surfaces bulged, the hinge-mcment
parameters become more negative as the fixed trailing-edgs chord

is increascd. Even though the undistortsd contour is maintained
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over a part of the rear of the flap, the effect of symmetrical
distortion is similar to the effect of varimtions in trailing-edge
angle.

For all contours tested, the effects of distortion on the
8lopes Chq and. Chg decrease rapidly as the fixed trailing-edge

chord is incressed. The effects are aslmost entirely eliminated if
the fixed trailing-edge chord is 30 percent of the flap chord.

The effects of surface-covering distortion on control forces
depend on the displacement of the hinge-moment curves (camber
effect) as well as on the slopes of the hinge-moment curves. The
effect of fixed trailing-edge chord on the displacement of the

hinge-moment curves (measured at @, = 0° and By = O°) is shown

in figure 13. The displaecement Ac, is reduced quite rapidly as
the fixed trailing-edge chord is increased, but it does not became
negligible even with a fixed traliling-edge chord of 30 percent of
the flap chord. The displacement of the hinge-moment curves is
similar to that caused by a deflected tab on an undistorted flap
and therefore will affect the control-surface characteristics
accordingly.

Theoretical checks on the hinge-moment coefficient Acy
at @, = 0° and B = 0° for contours BF and BC were cbtained by

assuming that the distorted contours could be replaced by multiply
hinged flaps and by calculating the hinge moments according to the
theory of reference 4. The comparison glven in figure 13 indicates
that, in general, the theory oversstimates the effects of distortion
by approximately 20 percent.

Resultant balance-pressure characteristics.- The curves of
resultant balance-pressure coefficient plotted in figures 14 and 15
indicate that symmetrical distortions (contours BB and CC) have no
appreoclable effect on the regsultant balance pressure. Camber dis-
tortion (contour.BC) causes a displacement of the balance-pressure-
coefficient curves.

The slopes ERG and ERS are not greatly affected by varia-

tions of-the flap contour. (See fig. 16.) Figure 16 also shows
that the displacement APR of the balance-pressure coefficient

at ag = 0° and 8p = 0° 1is approximately comstant regardless of

the fixed btralling-edge chord. This constancy seems to indicate
that the value of AER depends primarily on the flap contour near

the flap hinge and is not affected to any great extent by the flap
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contour near the trailing sdge. For the flaps tested in this
investigation, the distortion bsgan at a distance 0.0670f to the

rear of the flap hinge line. Had the dlstortion begun at or very
near the flsp hinge line, the effect of distortion on APR probably

would have been considsrably greater than that obtained.

In order to illustrate the effect of camber distortion on the
hinge moments of sesled internaily-balanced flaps, equsiion (2)
mey be rewritten in terms of incremental, rather than absolute,
values of hinge-moment and resultant balance-pressure coefficients,
vhich gives .

i 2 2
c t/2
by, = Aoy 2 opp {{2) - /2
balancsed plain 2 - Cp Ce
flap _ :

flap

Siace camber distortion results in increments Ach and APp ‘that
are of the same sign (see figes. 13 and 16), the increment Hey  of
a balanced flap is larger than the increment Ach of & plain or

unbalaenced flap. The effect of camber distortion on flap hings-
moment characteristics, therefore, would be sxpected to lncrease
scmewhat as the balance chord ¢, 18 increassd.

Lift charscteristics.- Curves of 1ift coefficient plotted in
figures 17 and 18 Indicate thet neither camber nor symmeitrical dis-
tortlon has any eppreclable effect on 1lift cheracteristics. Figure 19
shows that the slopes Clq and Cis aTe® almost unaltered by the
fixed trailing-edge chord and that the increment of 1lift Acy

caused by camber distortion is small and descreases wlith increase
in fixed tralling-sdge chord.

Values of Acy calculated by the theory of multiply hinged

flaps (reference 4) are included in figure 19 for compasrison with
tMGQWMMmlWM%Oqu.

BEffect of Mach Number

The resulte of the present tests indicated that if the fixed
trailing-edgo chord were 20 percent of the flap chord most of the
parameters of the airfoil and flap would be nearly independent of
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control-surface distortion. Tests, therefore, were made to deter~
nine whether the hinge-mouent cheracteristice of the distorted

c
flaps having values of Ez = 0.20 would be affected by Mach number
f
more adversely than the hinge-moment characteristices of the undis-
torted flap.

As shown in figures 20 end 21, Mach number variations within
the speed range tested have very small effects elther on the char-

: c
acteristice of the distorted flaps with Eﬁ = 0.20 or on the char-
£

acteristics of the undistorted flap.

Effects of Transition Strips

The effects of transition strips on flap section hinge-moment
coefficlent plotted against flap deflection (fig. 22) and against
angle of attack (fig. 23) were determined for the undistorted flap
contour and for various distorted flap contours having values

c
of P = 0.20. Figures 22 and 23 show that removing the transition

i ‘
strips makes the slope Chg mOYe negative -over a Op range of

approximately +6° and makes the slope cha more negatlive over

an o, range of approximately $1°., At the limits of these ranges

the hinge-moment curves of the model without transition strips show
an aebrupt change in slope resulting from & shift in transition point
from a rearward to-s forward position. Similar results have been
observed in other tunnsls having a low turbulence level (of the
order of that of the tunnel used for the present tests). The
effocts of the strips on the slopes of the hinges-moment curves are
largest for contour BB and smallest for contour CC. Several investi-=
gations of beveled flaps made in both the Unitod States and Great
Britaein have indicated that the incremental changus in hinge moments
resulting from the addition of strips ere roughly proportional to
the treiling-edge engle. Although the trailing-edge angle was
maintained constant over a chord length c¢ = O.Qch for the flaps

of this investigation, the characteristics obtained with contour BB
are similer to the characteristics that would be expected with a
large trailing-odge angle and the characteristics obtained with
contour CC are similar to the charscteristics that would be expected
with & small treiling-edge angle. .In general, if the flap contour
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tends to bulge, boundary-layer effects may be large (as indicated
by the effects of sitrips) even though a relatively small trailing-
oedge angle 1is masintained over at least 20 percent of the flap chord.

Effects of Gap

Comparisons of the effects of gap are given for the undistorted

c
flap contour and for the distorted flap contours having ;ﬁ = 0.20
. . £
in figures 24 and 25. When the distortion consists of an increase
in the thickness of the control surface (an effective increase in
trailing-edge angle), opening the .gap causes Che, and hg to
became less negative; and when the distortion consists of a decrease

in thickness of the control surface (an effective decrease in
trailing-edge angle), opening the gap usually causes Chg, and Chy

to become more negative.  These results agree qualltatively with
results given in reference 5, which show similar variations in the
effect of gap with variations in the actual tralling-edge angle.

Application of Data to an Assumed Alrplane

In order to illustrate the poseible benefits of maintaining
the undistorted contour over a part of the chord of s control
surface, the experimental results obtained in this investigation
have been applied to an assumed fighter-type airplane having the
following cheracteristics:

Ratio of stick force to elevator mement, K « +» + « + « + « « » 0.60
Wing loading, W/SW, pounds per esqQuare foobk + + + .+ « « .« « . .+ 4O.O

Dynamic pressure ratio, qt/q Y o
Wing lift-curve slope, (CLa) D o ]

W
Horizontal-tail incidence, ig, degrees ¢« + . ¢ . ¢ v o v . . O
Ratlo of horizontal-tail aree to wing area, S¢Sy, -+ v o 0 . o L20

Ratio of tail length to wing mean serocdynamic chord, ife' . . k.0
Elevator lift-curve slopse, CLS e e 4 4 4 e s e sr e« = s s 4033

Elevator size factor, b cee, cublc feet . . . « . ¢ . . v . . 20.0

Alirplane stebility factor, x'fe' « « « « . . v . . . i 0 . . . =05
Wing aspect ratio, A; « ¢ ¢ ¢ & ¢ ¢t v vt i i s v e e . 6.0

Eorizontal-tail aspect ratio, Ay . 3.0

Downwash angle factor, 1 - %i S ¢ I 1

-
.
-
-
»
-
-
-
.
.
.
.
.
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Calculatione have been made of the stick-force increments resulting
from elevator surface-covering distortion that are required to hold
the airplane in level flight at a given spesed. The amount and the
type of distortion of the elevator of & spscific airplasne will, of
course, vary with speed; and therefore, the curve of sitick force
plotted against speed for a gilven setting cf the trimming device
may very between limits determined by the characteristics of the
control surface with maximwm fixed amounts of distortlon. The
increments of stick force (at a given speed) corresponding to a
constant amount of distortion for each of the contours considered
in this investigation is indicative of the maximum change in stick
force for the amount end type of distortion assumed and thersfore
may be used as a basgis for comparing the effects of the various
kinds of distortion. These stick~force increments would not have
to be supplied by the pilot of an airplane squipped with a trimming
device, but they ars roughly proportionsl to the deflection of the
trimming device that 1s reguired to offeet the effects of surface-
covering distortion. The followlng equaticn, which is based on
linear slopes, was used in maeking the calculatione:

R CER
S S c'
AR LAY S/, at. | Ay + il AC
t6 | “Vhy, hg
(%ry,) 8¢\ /1
) )
Sw c' S
4y, £01,(Cyy
( 8)distorted. + A0 P Kb 5.2
CLB
J

in which (cI, m) is the lift-curve slope of the airplane wingj all
w

other parameters are for the horizontal tail. Eguation (3) accounts
for the effecte of elevator distortion on cha’ Chb’ &0y, of the

plain elevator, APp, and AC;, but neglects the very small effects
of distortion on PRm’ PRS’ CL@’ and CLg* All calculations for

the distorted contours were made for the conditlon of maximum dis-
tortions of ons percent of the elevator chord. The values of the
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incremental distortion persmeters given in table IIT therefors
represent the total aerodynamlc effects of the amount of distor-
ticn assumed. The section parsmsters given in table III were con-
verted to finite-span parameters for use in equation (3) by means
of the aspect-ratio-correction formulas given in reference 6.
Calculations were made for plain sealed elevators and fur sealed

c
internally balanced elevators having & balance-chord ratio TR_a 0.hko.
(o]
£
A calibrated airspeed of 300 miles per hour was assumed.

The resulte of the calculations sre presented in figure 26.

o}
Stick~force increments for Eg = 0 were calculated from the esti-
IS .
matcd incremental distortion parameters given in table III. For
the agssumcd conditions the cffscts of symmetrical distortion are
very small when compared with the effects of camber distortion.
Variaticone in the constants of the assursd airplanc would affect
the relative importance of the two kinds of distoriion, but for
almost any airplens configuration a given amount of cember distor-
tion can be sxpect:d to be much more importznt than the same amount
of symmstrical distortion. Figure 26 shows that the effects of
symmetrical distortion arc largely sliminated by msintaining the
undistorted contour over the rear 20 percent of the elsvator chord.
Vhen the distortion involves a changs in camber, approximately
T5 percent of the effects of distortion are eliminated by maintaining
the undistorted contour over the rear 20 percent of the clevator
chord and approximetely 83 percent of the effects of distortion
ere eliminated by maintaining the undistorted contour over the
rear 30 percent of the elsvator chord. Although these porcentage
values wers obtainsd from calculations of the effects of distortion
on stick forces in level flight, approximately the same percentage
values would be expected to apply to the effects of distortion on
the stick forcss in accslerated mancuvers.

Figurc 26 shows that, except for the elevator having maximum
cember distortion {contour BC), the effects of distortion are
approxlmately the seme sither for the plain elevator or for the

c
slevator with an internal-balance-choréd ratio 2 = 0.1t0. For

(O}
contour BC ths effects of distortion wors greater for the balanced
elevator than for the plain elevator. As pointed out previously, o
the balance might have had a considerably more adverse sffsct had
the distortion occurred very close to the elsvator hinge line,
rather than st a distance 0.067cg bohind the hinge line.
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Although the analysis presented herein has been made specifi-
cally for an elevator control, the conclusions concerning the reduc-
tions in distortion effects that are mede possible by maintaining
the undistorted contour over a part of the control-surface chord
are believed to apply to rudder and aileron controls, as well.

CONCLUSIONS

The present investigation of a modifled NACA 651-012 alrfoll

having a 30-percent airfoil~chord flap with contours simulating
various distorted surface-covering shapes indicates the following
conclusions:t

1. The effects of surface-covering distortion on 1ift char-
acteristics generally are small when compared with the effects of
surface-covering distortion on hinge-mcment characteristics.

2. Approximately 75 percent of the offects of distortion on
stick forces can be eliminatsd by maintaining the undistorted flep
contour over the rear 20 percent of the flap chord.

3. When the flap has been thickencd by distortion, opening
the gap at the flap nose or placing transition strips near the air-
foil leading odge generally causes ths variations of hinge-nmoment
coefficient with angle of attack and with flap deflection to become
less negative. Opening the gap generally has the opposite effect
if disbortion consists of a decresase in flap thickness.

L. Variations in Mach number from 0.20 to 0.40 have only smell
effects on the hinge-moment characteristices of the uvndistorted flap
or the dlstorted flaps having the undistorted contour maintained
over the rear 20 percent of the flap chord.

Langley Memorial Asronauticel ILaboratory
National Advisory Committee for Aercnautics
Lengley Field, Va., Februery 11, 1947
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TABLE I.~ ORDINATES FOR MODIFIED NACA 651-012 ATRFOIL

[Stations and ordinates in percent of airfoil chord]

Station Ordinate

355388833583558838%58%4

ERERBIEFFRASRERERREEY

BEFEISBBZEERBEEun o
OOHHI\)wa‘\RO\\.ﬂ\ﬁ#’F‘wwI\)HI—‘O

&
o

Leading-edge radius: 1.000 percent ¢
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COMMITTEE FOR AERONAUTICS



TARTE TT.- PARAMEYTR VALUES FOH 0.30C FLAPS ON A MODIFIED NACA 65,-012 ATRFOIL

[Yllnu masmred ot @, = 0% By = 6°]

Poaitico of Mach ac, e, &R,
Flap _o! traneition numbar % % °h : -] PB
comtour | op o strips H « ® o o « & (a) {a) (a)
”w 1.0 Sealsd 02¢ 0.20 | ==--- ——— -0.0032 ~0.0089 0 0
l 3k 0.103 | 0.062 -.0031 -.00%9 0.036 0.096 0 0 0
do | e —— -.00 -y 0 Q
oft .34 m———- 087 -.00 -0 | smme= | mmee- o 0 0
v 005¢e 02¢ 3 | emmee | - =.0018 -.0079 " R
cc 0.1 Sealsd 020 .34 103 D6k -.0052 ~,0103 038 097 0 0 0
0.2 20 i B -.0042 -.0080 0 | =m=---
l l 'E: 103 06k -.0040 -0093 «036 028 Y 0 0
» m——— - "-m = 0 .
ore .3h ~—— 068 - L I e o 0 0
L | 0050 02 k[ - —— - -.0119 0 -
v 0.3 | Bealed 020 -3k 203 | .06 -.0031 ~.0091 035 o | o 0 °
HB 0.1 Sealed 020 -3 103 057 Q.0000 -.0063 037 050 0 0 0
0.2 LD | wmmwn | e - -.007T 0 ——
l 3 .103 058 -.0021 -.0082 037 0 0 0
ho el Bt -.0018 -,0082 L
orr 34 ] weeen 068 -.0058 =0L6 | mmeme | meee- 0 0} mmeme-
0BG D20 .3k ———— | - -.ooo-é -.00%5 a0 | waee-
L’ 0.3 Saalsd .02¢ o3 103 059 - - 037 090 0 o 0
© 0.1 Bealad 020 3} - 06k -.00h1 0094 | ----- 097 025 -.028 -.033
0.2 l ———— 062 ~.0038 -.00% ——— 096 .00 ~.020 -.0%0
l 0.3 l ———- 082 -.0033 -.0000 m——ee 05k 010 -.009 -.0%0
Br 0.1 Sealed £O2e o3 ——— 038 -.0019 =0017 | ----- 003 .030 -.032 =53
0.2 l ----- 060 -.noeg -0006 | ----- 093 035 -.020 -.0h5
\# 0.3 l ----- 80 -.003 -.0088 | sw--- 92 020 -.015 ~.070
B D.L Sealad O2c .3k .103 061 -.oog: -.0006 037 092 k5 -.056 -
0.2 -20 memme | eeee- - ~.0050 -.03 -.
; -3k 103 061 -.003T - 0050 036 090 025 -.03 .
-ho il B -.0033 --Q090 ~.039
ore . “mm—— 068 -.00%0 -0l | e | - 030 -.039
+00%c 020 tondl Do ~.005L -.oog .Ohk
¥ 0.3 Bea 02c 103 LO61 ~.0032 =00 036 050 025 -.022
S estmad to be %ero for ell symetric contours.
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PARLE YIT.- DWCREMEWTAL DISPORTION PARAMEIER VALIRES FCR 0.300 FLAFS

mmnmmssl-oa.znmon.

I:anuu measurold at o = 0°, br = 0%, Qap sealed; tradsition strips at 0.02C; M = O-3h-:|

[+)
. Flap 9 ' bo ! ' ' ' ap ! ) ' :
contour e Mlc, s mh'a mhﬂ AE‘Hu. By b0 by &B
¥ 1.0 0 0 0 0 0 0 0 0 0
cc ) e B i 8.0.0015 80,0079 | mmmewm- mmnm—- 0 0 0
.10 0 0.0009 - 00090 = 00060 -0.000% 0.000% 0 0 0
.20 0 .0009 ~-.00039 -.00017 0 0009 0 0 0
¥ 30 0 0009 0 =,00009 -.0017 000k 0 0 0
BB 0 S L ®.0027 9.0017 e R 0 0 0
.10 0 -.0022 .00133 400103 0004 =.0026 0 0 0
.20 0 =.00)7T 00043 +O00LT 000k -.0026 0 0 0
~b «30 0 -.0013 00013 0000k 000k = 0026 0 0 0
¥C ] - e -, 0007 8.-.0003 ®,0378 0-,0326 | o =mme--
.10 0 0009 - .000k3 - 00022 000% 000k 0107 «.0120 = .0150
.20 0 0 «.00030 =.00013 0008 i «00k3 «.0086 -,0215
N/ .30 0 o -,00009 - 0000k 0008 -.0009 +00h3 ~.0039 --0215
EF 0 = | e 2.0010 80011 | memmeme | e 2.0ko3 Aoz | mmeee-
«10 0 - -0017 -00052 -W -m - -0013 -01.29 - -Om - 00227
.20 o =.0009 00009 00013 0008 -.0013 0150 -.0086 -.0193
hd +30 0 - -,00013 0008 = 0017 0086 - ».0300
BC 0 - ] memmme- u--wl'l. ."nm ".0670 a--0601 """"
.10 0. « 0004 «.00013 -.00030 000k =.0017 0193 -.02kg -.0k72
.20 0 =.0004 =-.00026 = 0000k 0 ~,0026 0107 -.0163 -,0429 -
4 .30 o - - 00004 - 00004 0 -.0026 0107 -.009% -.0429
gmtimated values.
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Figure 1.~ Contours of the various 0.3c¢ plain flaps used on the modified NACA 651—012 ajrfoil.
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Figure 2,- Construction of contours for the 0.30c plain flaps used on the modified
NACA 651-012 airfoil.
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Figure 3.- Boundary-layer characteristics on upper surface of modified
NACA 651-012 airfoil. Flap contour, FF; gap sealed; M, 0.34,
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Fig. 10 NACA TN No, 1296

24 B
TINE Co/F ' G -
20 N\ ~0 /0 (Combar/'/j L g ___Ic/
é\\\ ? —A L7
16 : 'Lz f Contour CC
24 J8 |— \a\\\{u ' '
S NN _ .
N 20 08 I A
R SN 0/.0%
N \b\fﬁ% 7
X ANBA A0 .2
Q
12 0 ! -o ./
R N
N
§ 08 04 SEEK
.04 08 -\ A
N : 9\\
% O 2 o\
N : \
\) B
N 15\N \Q
& ! BEL SUE\N
Qs - Cr N
-08 20 c¢}- NG U\\\\‘g
N R
A2 24 - 3 N 5
Contour BB NN
7/5 : '\\\
' TN
20 = .NAT OMAL ADVISORY - \
il i o

-20 -6 -I& -8 -4 o 4 & e 6 2o
Flap deflection , &f , deg

Figure 10.- Effect of fixed trailing-edge chord on the variation of flap
section hinge-moment coefficient with flap deflection. Modified
NACA 651-012 airfoil; transition strips at 0.02c; gap sealed;

M,0.34; a_ = 0°.



NACA TN No. 12986 Fig. 10 cont.

L4 -
] 3
20 [ Q‘ ﬁ'¢;
AN + —
16 Contour FC
N\
§Z4_ N/ :
S & -
S 20 08 -
N : Cg/CF
"g 16 04— t-j)\\ NG =0 /.0 (Contour FF)
S :
N s L3
NE \\s\R j o .z
§ 08 04 \‘f_ri\t\ N e
¥ NN\F ] A 5
Y N A 2
N NRRL :
] 04 =08 A AN
I B =0 %\
S 0 -2 A=a 3
N ' INAY ._—r<>._z A=AV
S o4 -16 A \\\\
g\ : : . \ N\ \
X lag 20 ]‘—Cf — BN
: L N N
Z. RN \ﬁ
</C <B4 ;
Confour BF
_/5 \\\
=20 COMMITIER o0 AEhOMAEHICS N
I I A |

20 -6 -z -8 -4 0 4 8 & 6 20
Flap deffection ,dr, deg

Figure 10.- Continued,



Fig. 10 cone. NACA TN No. 1296
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Figure 11.- Effect of fixed trailing-edge chord on the variation of flap
section hinge-moment coefficient with angle of attack. Modified
NACA 651-012 airfoil; transition strips at 0.02c; gap sealed;

M, 0.34; &, = 0°. o
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c
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Figure 22.- Concluded.
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Figure 25.- Effect of gap on the variation of flap section hinge-moment
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